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ERN T RODUCTION 


en ἵσρις Of preat concern is the level of in- 
ration which exists in the United States economy. In fact 
races are currently rising at one of the highest rates in 
postwar history and much research has been initiated in both 
the civilian and governmental sectors to determine the cause 
ama) cure Of this rapid inflation. 

Since the Department of the Navy is a major consumer 
of many goods including raw materials, manpower, energy, and 
sophisticated weapon systems, the Navy has a direct interest 
in the rate Of inflation. Moreover it should have the cap- 
ability to evaluate predictions as to the composition and 
overall rate of inflation. In order to accomplish this 
task, it would be advisable for Naval officers to know the 
fundamentals of aggregate price level determination. 

One place that a Naval officer may obtain the rele- 
Pees training in price level determination is in the 
macroeconomic workshop conducted at the Naval Postgraduate 
School. The purpose of this thesis is to provide a large 
scale econometric model to be used at the Postgraduate 
School and specifically in the macroeconomic workshop. 

Beis anticipated that this model will enable the officer 
ament to better understand the structure of the U. S. 
economy. 

ivemcdeyclhapnemt of this model consisted of re-estima- 


ting and respecifying a model previously developed by Klein 


ο 





and Evans at Wharton [6]. It was necessary to respecify the 
model because after the initial re-estimation it was dis- 
covered that Most of the price relationships developed by 
Klein and Evans no longer appeared valid. 

Chapter deals with the simulation of the original 
Wharton model. The re-estimation of the entire model and 
Ber Tespecitication of all relationships except those con- 
moaned with prices is contained in Chapter III. The re- 
Specified and re-estimated price relationships as well as 
a brief review of alternative approaches to modeling price 


changes are discussed in Chapter IV. 





II. INITIAL SIMULATION 


ο Ἱπροευις for this thesis was provided by the results 
of a study conducted in an advanced macroeconomic workshop 
at the Naval Postgraduate School. The goal of the workshop 
was to examine the effect of selected fiscal and monetary 
policy changes on the U. S. economy through the use of an 
econometric game developed by the Wharton School of Finance 
and Commerce, University of Pennsylvania [6]. The econo- 
Mene gane utilized the Wharton Econometric Forecasting 
Model developed by Michael K. Evans and Lawrence R. Klein 
[3]. This Klein-Evans model is a quarterly econometric fore- 
Sasting model of the U. S. economy estimated between 1948 
and 1964. 

Since the objective Of the workshop was to examine the 
Mogcetwot CUrrent and future economic policies, the first 
ep was to determine the accuracy of the model for post 
MOS economic activity. A nation was conducted for 
the period Of 1960.1 through 1973.4. Although this period 
mecadmittedly quite long for the purposes of forecasting, 
it was thought that such a long period would make any major 
amac tural shifts that would call for re-estimation readily 
apparent. 

Mirren tdo llar GNP was thought to be a representative 
"indicator for the accuracy of the model since it is deter- 
mined by all — eMe como. A cursory examination 


of Figure II-1 and Table II-1 reveals that, using the 


- 


δ 





Dude thecpredricted values of current dollar GNP 
are within ten percent of the actual values through the 
first twenty quarters of the simulation and are actually more 
accurate than one would expect though fifty quarters of 
Simulation. However, further examination of the results 
reveals that the apparent accuracy in forecasting current 
dollar GNP is due to large complementary prediction errors 
in the constant dollar GNP, X, and the GNP deflator, p, as 
evident in Figures II-2, 3 and Tables II-2, 3. 

It was also noted by the author that within individual 
feetons such as investment and consumption, large predic- 
tion errors were also prevalent. Therefore, based on its 
Men tormance, it was decided that the original model re- 
quired re-estimation. This was undertaken in order to cor- 
Aee the original econometric game, as formulated by Klein 
EnuEEvans, to a currently useful instructional tool. After 
re-estimating the original model, adjustments were made to 
improve both the forecasting power of the model and to in- 
sure that all economic relationships were consistent with 


existing theory. 
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Mable II-1. Predicted and Actual Values of GNP. 
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ERED, ACTUAL ERROR PERCENT 
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Table II-2. Predicted and Actual Values of X. 
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Figure 11.2. 
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Figure II-3. 





III. RE-ESTIMATION AND SPECIFICATION 


A. RE-ESTIMATION 

The re-estimation of the Wharton model was performed for 
the period between 1960 and 1971 inclusive. The only ad- 
justments that were initially made were (1) the removal of 
dummy variables that referred to Korean War activity and 
(2) the removal of one dummy variable concerning credit 
conditions. ? The actual model to be re-estimated consisted 
of 36 equations involving 48 observations on 86 variables.” 
The list of variable definitions and data sources appear in 
Appendix B. Actual values of the variables appear in Ap- 
pendix C. The regression technique applied was two stage 
least squares with principal components which is explained 
in Appendix A. 

The results of the estimation are listed below. The 
πας Standard error of each coefficient appears directly 
below that coefficient. Also below each equation are the 
wkt iple correlation coefficient, R*, the standard error of 
mec estimate, Sos and the Durbin-Watson test statistic for 


serial correlation, d. 


Ihe Korean War dummy variables that were deleted are 


diay. de, and diy: e ar daole reflecting credit con- 
ENSONS which was constant throughout the period of re-esti- 
Mion is Cr. (Variable definitions appear in Appendix B.) 


“The only other adjustment made was the use of 1958 
EN base year rather than 1954 in order to ease data 
eall ection and conversion. 
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955 2 


(.190)^ 


3) 


N 
;E1 009) 





D. - -18.78 + .328(p,-K,) + 6.27d, 


(.021) (2.49) 
R? Pe d 
‚9481 5.9031 ik 
D. = .572 *» .113(p,*K,) 
: aD 
R? Pe d 
.9007 ‚2618 30 
Dac wq Hep, -K.) 
i (00331 m 
R^ Se d 
‚9604 5 63 
T, = 6.22 - .0023NI + .164t 
(.0049) (.052) 
R? Pe d 
8873 ‚6941 E 
T. = 2.08 + .381(P, - IVA) 
E (.029) ©? 
R? "e d 
. 7849 3.0540 .40 
πι. το 
P (.0054) 
Re Pe d 


Bons SEES .24 
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DS. ὃν το ο Ἑ μι υπ τε 


1.221 
(. 548) (.039) 
R? Pe d 
‚9550 32255 "e 
ο W ea 
29. p, = .153 + .478 y + .00026Cp + .561 7 ¿2, (p), 
(.107) (.00024) (ST) 
R? σε d 
9918 S255 1.00 
BUS Ap = tas + aan + -1064p ΙΡ 
us αν. αν (025) + 
R? Ye d 
.6455 ‚0032 1.79 
EEUU Ap = -.0026 + 2.49Ap - 1.5014 
“na 1.20) 8 (.733) .. 
y Ye d 
‚0617 ‚0245 1.83 
I 
32. Ap, = .046 + 1.0964p - .337 — 
(.156) (.248) 
R* Pe d 
‚7103 .0053 2.06 
In 
33. Ap, = -.0038 + 1.024Ap, * .136 — 
(.484) (.535) 
R? Pe d 
‚1867 .0106 1.76 





34, Ap. = .0024 + .2744p, + .481Ap 
(.604) "  (.368) "^1 
R? Pe d 
0575 0123 pO 
EL = 2215 7 2063, + .240RR + .431i. 
(.167) (2133) (.089}7-1 
R? ES d 
‚9482 ‚3678 1.02 
ESSE i, = -0095 + .1301_ + .896i, 
(.031) (.032) "1 
R? Pe d 
‚9850 E 1.69 


As is readily apparent many of the estimated equations 
have serious defects. These faults can be categorized into 
three areas: (1) low multiple correlation coefficients, R°; 
(2) high standard errors relative to the estimated coeffi- 
cients; and (3) signs of coefficients which appear to con- 
tradict economic theory. In an attempt to improve the total 
equation system various adjustments were applied to indi- 
vidual equations within the system. Only the equations that 
mere redefined or respecified are addressed in the following 


section. 


Bee RESPECIFICATION 
iieean. (2), which reflects non-manufacturing, non-farm 


fixed business investment, it was noted that the average yield 
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cor poraterbonds lagged tive quarters, 11 -5> had a positive 
w ect. From economic theory one would predict that the sign 
of the interest coefficient would be negative and since there 
Pre So justification in the original model for a five quarter 
lag, the equation was re-estimated twice using i, ; and i, ,. 
Both 1,3 and i; 4 had negative coefficients but i,_, was 

found to have more explanatory power. The resulting equation 


is listed below. 


= SoG sz NEC UAE. - —984i,. 
pn mo m 4 η; ENDS oS 
R2 Se d 
‚9199 2.6896 1.09 


EN Dn (3), which estimates farm fixed business invest- 
che t-statistics for the coefficients of both the cap- 
ital stock of farm investment lagged four quarters, Ke Δ» 
and the prices received by farmers, pg, Were below accept- 
able values. The equation was re-estimated substituting 
Pg.1 "ος Pr and adding an additional variable, time, which 


now appears in the revised Wharton model [8]. 


1 


MENSEM (FE 5 + FF_, + FF_.) - .255Κρ. 
pt . (05299 3 d > (.065)*^4 
* 1.69pe 1 “DIO Et 
(pun 2032) 
RZ e d 
‚7290 ‚3151 97 





Emm Ae mates residential construction expenditures. 
MI statistic tor the coefficient of Y, personal dis- 
posable income, was quite low and the sign of the coeffi- 
cient for the variable (Pp /Py)-3> the deflator of residential 
construction divided by the price of rent index, was oppo- 
site of that expected. The equation was re-estimated with 
the deletion of (Ph/P}) -3 order to eliminate the multi- 


collinearity between Y and (Ph/ Pr) -3 


De 27 HOLEN + 2,55(i, -i 

ΙΡ... 
R? σε d 
.6482 1.4878 1.01 


Bam (5) which predicts AI, > manufacturing investment, 
wead usted due to the elimination of the variable U, un- 
filled orders, which will be addressed later in this section. 
Also, after several attempts to achieve a satisfactory re- 
estimation for Eqn. (6), which estimates AI, > nonmanufac- 
turing and nonfarm inventory investment, it was decided that 
Eon. (5) and Eqn. (6) should be combined. This measure 
facilitated a more accurate estimation of overall non-farm 


maventory investment. 


Meet Als = .0312 + .0997X 


in > Eu T UK. ) 


moto 994) ^^ a 


- 2556 

ae 
R? Pe d 
3678 2.933 1.41 
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Ban sad usted due to the. negative sign. ot the 
coefficient of (δει a Ρε.) therc hange πο πο ρειτσςς 
received by farmers, which was contrary to the affect of 
Ape on I: e» farm inventory investment, that one would expect 
lum economic theory. Since there appeared to be no justi- 
iE-atron for the lag structure nor the requirement for the 
use of the change in the prices received by farmers, the 
variable Pf Was subserelted.:or Ap e. Various lags were ap- 
plied on Ρε: Amas discovered that a three quarter lag 


on Pr had the most explanatory power. 


Mos os... + 1.115p,. 
if aa a > 
R? Se d 
4816 AZ 1.43 


As stated previously the variable U, unfilled orders, 
Mich appeared as the dependent variable in Eqn. (8) was 
deleted from the system. Although there was some question 
to. the accuracy of the data due to reporting procedures, 
Bue major reason for deletion was the fact that since U 
only appeared as an explanatory variable in Eane (5) ane cun 
that equation it had an extremely low 't' statistic and 
therefore was not considered essential to the model. 

Eqn. (10) which estimates Cua? consumer purchases of 
durables except automobiles and parts, was adjusted due to 
mme low "t" statistic associated with the coefficient of Y, 


personal disposable income. The first adjustment involved 





removing the effect of transfer payments by substituting the 
variable (Y - Tr/p.) for Y. However this led to a low 
Boatıstie for the coefficient of ο ο. It was thought 
that the unemployment rate, Un, might have a similar effect 
on c consumer purchases of automobiles and parts, so it 
was added as an explanatory variable as was C_,_, which 
appeared in the Wharton Mark III Econometric Forecasting 
Medel [8]. The variable pee Pe was deleted due to a low 
M at istic associated with its coefficient. It is in- 
memesting to note that throughout the process of re-estima- 
tion it became apparent that price relationships, such as 


ΡΕ» no longer had the explanatory power they once 


possessed. 
C IS NS EE payo «.210Un + .387C. 
ue (.019) : um eu 
Re de d 
.9913 .8449 1225 


Eqn. (11) was adjusted mainly due to the positive signs 
ο the coefficients of pipes and K iip the capital stock of 
automobiles and parts, which were contrary to economic theory 
But also due to the relatively low "t" statistics associated 
with the coefficients of the two previously mentioned 


mardables and that of Un. 


ea eee να = Tr/p_) s .4069Un 
(.670) (o) 
ΠΗ Se d 
1.26 


79005 29740] 
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The equation for Los exports of goods and services, 
Eqn. (13) was adjusted by once again eliminating a price 
relationship pp due to the low "t" statistic associated 


Maith its coefficient. 


u d. 
CENE SOX «θα ¿2 E) 


τ η! 16156) 
Re Pe d 
Homo .7643 1.64 


Eqn. (14) which estimates Pep? Semporate prorits before 
taxes and after inventory valuation adjustment, was adjusted 
by the deletion of (Pp, : DEDE a change in the wholesale 
price index, which had a coefficient with a low "t" statistic 


and a sign contrary to economic theory. 


Bee - -95.23 * .074pX + 2.38Cp 
(.0039) (.195) 


5 
HU ies νι “PAG 


- ο 
(.238) 4 
RZ Se d 
2095354 3.6066 1.13 


The variable AD 4 was deleted in Eqn. (17) due to the 


Mere t Statistic associated with its coefficient. 


IVA = .120 - 462.094p, 


(50.01) 
Re Be d 
55:27 1.3614 E 


31 





Bon (rPS5emrehnestimates RE 3? Tetaıned earnımes in the 
manufacturing sector, was adjusted by deleting the variable 
(NI, * p,» the national income in the manufacturing sector. 
Mere was difficulty in interpreting DNE oR) See NI >» 
which is measured in current dollars, was multiplied by the 
Zuolesale price index, This calculation, in effect appears 


fo compound price changes in the manufacturing sector. 


RE 08298 ο ΕΚΕ 
(044) 


R? Se d 


SS 


ου 1:9357 02919 


Pan. (20) which estimates No? the number of employees 
in the private sector, was adjusted by the deletion of E 
GNP generated in the private sector, and Cp, the index of 
mapacity Utilization. Both deletions were due to the low 
explanatory power and the negative signs associated with 
their coefficients which from economic theory one would 
predict to be positive. Also there was a high degree of 


Berrelation between Cp and K-+Cp, the total capital stock 


ENUSS the index of capacity utilization. 


| ee 
N, = 1.85 + .00010K*°Cp +  .926 — .E. (N.).. 
E (.00004) m BE le 1 
R* Se d 
9820 ‚5546 1.51 


wene al observation of Eqn. (25) revealed an economic 


Exomaly. Briefly stated the equation implied that if NI, 
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national income, goes up then Th indirect business taxes 
and transfers, should go down. However, there was a change 
E the federal indirect tax rates in 1965.3. In order to 
ΠΕ for this, Wharton has since implemented the use of 
a dummy variable, de, EIUS national income for the 
period after 1965.3 [8]. That methodology mus also applied 


in this re-estimation. 


Ty = 2.40 + .008NI + .156t - .0040d.. * NI 
(.0034) 2035) (.0005) 
R? ES d 
.9533 57 1.67 


Mation (35) predicts 1 Ες interest rate on 
prime commercial paper. It was observed that when RR 1, the 
Aio of excess to required reserves lagged one quarter, went 
up that it had a positive impact on Los (oy this Denon 
EN Πίτες; to economic theory. Further examination re- 
vealed that RR_, had very high negative correlation with both 


11» the Federal Reserve discount rate, and 1. 1? πι hie 


Berıod of this estimation which accounted for the positive 


moerficient. RR , was removed from the equation as was 
isl" 
Mc SL + 1.5513 
(.245) 
Re we d 
197206 4520 62 


The adjustments and estimation attempts applied to the 


price equations appear in the following section. 


-- 
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' ο ο RELATIONSHIPS 


The previous section dealt with adjustments to all the 
equations in the Wharton model except those which predicted 
προς in the price deflators. 

The United States economy is currently experiencing one 
the highest inflation rates in its postwar history. This 
phenomenon is of great concern to all elements of the De- 
οἱ ποπ of Defense and the Navy. Since the peak of the 
conflict in Vietnam, the DoD budget has been steadily re- 
duced in constant dollars and yet at the same time prices 
en all products have continued to spiral upward. As ele- 
ments of DoD have been forced to make cutbacks in both 
personnel and equipment, it has become apparent that in 
der to propose force structures for the future, the plan- 
ning divisions within the Pentagon must be aware of future 
Mates of inflation. | 

An examination of the price equations, Eqn. (29) through 
Pome (54), revealed that the predictive power of many of 
Be relationships was poor at best. This chapter deals 
meth the author's respecification and re-estimation of the 
Original Klein-Evans equations. Also provided in this 
Ghapter is a review of several other theoretical and 
pmeenometric price relationships. 

Eomatıon (29) which deals with p, the wholesale price 
Medex, WaS not adjusted. All the coefficients had the signs 


one would expect from economic theory and its predictive 
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power was considered satisfactory due to its high multiple 
correlation coefficient, R?. 

The equation which estimated Apes νο απο mache 
deflator for consumer purchases of nondurables and services, 
Mo was not adjusted. Although the "t" statistic for the 
moetfticient of Ap c; eheschengesimzthesprices received by 
farmers, was quite low, it was thought that since farm 
psoducts make up a large percentage of nondurables that AP £ 


should remain in the equation. 


BB RESPECIFICATION 

Peuatıon (31) estimates Apu a» the change in consumer 
pusehases of durables except automobiles and parts. Initial 
Enation of the results of the re-estimation revealed a 
Below adjusted multiple correlation coefficient (.0617) 


mia negative sign for the coefficient of Ap, which ap- 


1 
Mmeared Contrary to Economic theory. The first adjustment 

to the equation involved the deletion of the current change 
in the wholesale price index, ΔΡ» and the addition of two 
explanatory variables, (0/5) 1, the ratio of unfilled orders 
total sales in the private sector, and e 1» the 
mero Of indirect business taxes to consumer purchases of 
nondurables νο ου αμισοῃοριΤες and parts. The later vari- 
meme 1S also present in the current Wharton Econometric 
model, Mark 111 [8]. It was thought that both of these 


variables would have a positive affect on AP ia: AS can be 


den below, the resultant regression proved to be of little 





value. The coefficient of oy ΠΤ was negative as was 


a 


Ap__ = .0326 - .0946 Ap, + .197(U/S)_ 
na Mor 599) ; 
OSCE) 
(.672) Do na -l 
RA Se 
.0037 (239 


put of Ap . The "t" He πο ου che coefficient. as- 
sociated with (U/S)_, was very low and the value of R? rep- 
resented trivial explanatory power. In an attempt to explain 
the movement of AP, a? the constructed variable (Ape Ὁ 
was added to the original equation. It was assumed that 

Pais variable, the percentage change in prs. the previous 
quarter, would have a positive effect on AP wat Again, as 


can be seen below, the resultant equation very little ex- 


planatory power (R? = .0842). 
A πι = 1664» -1.05894ρ , + .067(^p. /p..). 
na er 164) PB 23 
R? σε 
.0842 .0242 


As mentioned in the previous chapter, the variable ο De had 
Een removed from Eqn. (10). Since pre had επεετες εἴ -5- 
Ein only Eqn. (10) it was decided, based on the poor es- 
timation results, to delete this price equation from the 


system. 
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EQUatron (32) estimates Apr > tne implicit deflator for 
Mixed business investment. The initial re-estimation re- 
vealed that the variable ni total fixed business invest- 
Ment divided by the constant dollar GNP, entered the equation 
with a negative coefficient. From economic theory one would 
expect this coefficient to be positive. Since one of the 
primary uses of the re-estimated Klein-Evans model is its 
Meenas a Macroeconomic instruction tool, it is desirable 
that all coefficients possess signs that are consistent with 
economic theory. Thus, the equation for Ap, was adjusted by 
deleting [ο α and systematically considering alternative ex- 
planatory variables. The equation that possessed the most 
explanatory power (highest R^) was an equation including 
Matine trend. Again the inclusion of the variable time 
in this price equation is consistent with the Wharton Mark 


III model [8]. The resultant adjusted equation Is: 


ο ο ο pt .00025t 
(.406) (.00015) 


R* Se d 


ΥΠ 20055 DS 


ΤΙ τ τίεε deflator for residential construction, 
Ap, > Mena tecla eqn (55). An initial evaluation oí 
me re-estimation results revealed that the equation pos- 
sessed poor explanatory power as evidenced by a R* of .1867. 
Also, the coefficient associated with ΙΧ, residential 


Construction expenditures divided by the constant dollar, 
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GNP, had a very low 't" statistic, Several attempts were made 
to increase the explanatory power of the equation. Addi- 
tional variables that were, a prtort, thought to possess 
some explanatory power were: Ap, W/X, A(W/X), and time. 
Also a new dummy variable was constructed to reflect wage 
and price controls. However, only two quarters αμ πας 
period used in the estimation were under the controls and 
as such, the dummy variable did not, in a stepwise regres- 
mom, enter into the equation. After re-estimating APh 
using the new variables and not obtaining an equation with 
more explanatory power it was decided to retain the equation 
mehe originally re-estimated form. Although this price 
Equation is far from satisfactory it was retained in the 
model because it, unlike pe SE ES ss ay to thesequarıon 
system. 

Equation (34) estimates AP,» the change in the implicit 
@etator of export prices. The initial re-estimation pro- 
weed an R of .0575. The first attempt to respecify the 
equation involved regressing ΔΡ. on Xe the index of world 
trade, and Put? the index of world trade prices. The world 
trade indices were inserted in order to determine whether 
ee might be able to predict United States export prices 
Aa function of both the volume and value of world trade. 
As can be seen below, the results of that regression proved 


gobe Very unimpressive. 


^pa ΠΠ: 00008x ο ορ 


i959) 0839) 
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Re pe 


ο” 021275 


The estimated equation had a low R^ and very low "t" statistics 
Sor both coefficients. In subsequent respecifications several 
other potential explanatory variables were investigated. 

Among those considered were Ap, the change in the GNP deflator, 
AP £> the change in the prices received by farmers, and time. 
The highest attainable R* was 0.12. Since p, had already been 
removed from all other equations in the system, Eqn. (34) 


was deleted from the model. 


fee ECONOMETRIC APPROACHES TO PRICE LEVEL DETERMINATION 

The Wharton Econometric Forecasting Model developed by 
Klein and Evans utilizes linear price relationships [3]. 
The most prevalent variable in their development is Pn> tne 
deflator for gross output originating in the manufacturing 
Sector. 

Using the assumption that firms will maximize short run 
profits and the factor share relationship derived from a 
Cobb-Douglas production function, Klein and Evans show that 
Ρῃ IG function of both acne? labor cost, and Cp, 
m@memindex of capacity utilization. They also point out 
Bast any change in DUO o portrienal to last quarter s 
price and the current desired price thus instituting a lag 
memueture. For the purposes of statistical smoothing, last 
5 average prices are used. This can be seen in Eqn. 
(29). The sector prices are for the most part dependent 


upon the changes in the manufacturing price level. 
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As can be seen the majority of the price equations in 
the einmal Wharton model do not explain the movement of 
Maces during the period 1960-1971. Several approaches to 
peace estimation not used by Klein and Evans are currently ' 
Peame employed in econometric models. Several of these 
techniques will now be discussed.” 

1. Wharton Mark III 

The major difference between the original Klein- 
Evans model and the Wharton Mark III model authored by 
Michael O. McCarthy [8] is the absence of the average of 
My ear's prices in the manufacturing price equation. 
iiemMark IIT model employs only last quarter's price. Sec- 
EU Nprices still are heavily dependent upon either the GNP 
deflator or the manufacturing price level. McCarthy also 
points out that there is apt to be some random changes in 
sector prices which may produce coefficient signs that one would 
not ο ρου πο cconomee theory. When this occurred, the 
coefficient signs were restricted. Also the variable time 
ENorevalent in many of the Mark III sector price equations. 

fee) Demand Driven Prices 

Ray C. Fair [4] specifies price changes purely as 

wnc tion of aggregate demand. In order to incorporate 


actual demand shifts, Fair's measure of demand is given as 


3 E 
Bar sro οσα σπα time limitations, these alternative 


techniques Enea tual applied to the unsatisfactory 
Bereing equations ın the basic Klein-Evans model, equations 
52, 55 and 34. 
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the difference between the potential change in GNP and the 


actual change in GNP. 4 


A high value of the variable, GAP2, , 
corresponds to a period of low demand pressure and a low 
value of GAP2, reflects a period of high demand pressure. 

In order to achieve a smooth fit, the eight-quarter moving 
average of GAP2 is used. Using this concept of demand, 

Fair estimated the equation below over the period of 1956- 


1964; and obtained an R^ of .810. For a detailed descrip- 


mom of the constant a, refer to [4]. 


E 1 
Apd, a EE E 
+ = .2, GAPZ, 


a 


2 l 1 


Another measure of demand is in the amount of unfilled 
orders. As unfilled orders increase economic theory pre- 
ASES. that prices should rise. Askin and Kraft [1] incor- 
porated the use of this variable along with the normalized 
wage rate and the ratio of actual output per manhour to 
Bu trend of average output per Manor as a means to ex- 
Plain the change in prices. 

As can be seen from this brief summary, there are several 


different variables and techniques that can be used in 


4 2 M E 
GAP2, = GNPR*, - GNPR (GNP, - GNP, j) 


= potential real change in GNP 


pl 


x u 
where, GNPR : GNPR, 1 


and, GNP, : GNP, _ = actual change in GNP 


ab 
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ποπ to explain overall price trends. However, the 
theories applied in the determination of sector prices all 
Be zeharacterized by the use of either the GNP deflator or 


the wholesale price index as the major explanatory variables. 
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V. CONCLUSIONS 


One result of this study is the formulation of an 
econometric model suitable for classroom use. A second and 
perhaps equally important result of this work is to empha- 
Size the difficulties involved in obtaining predictive 
Wations for price movements. 

Mens the author's opinion that work in the area of 
we equations would be beneficial to the Navy. One topic 
Maer continuous consideration is escalation in Naval pro- 
curement contracts. Currently inflation used in the esca- 
Eon process is initially estimated by the contractor 
and presented to the project manager for review and approv- 
meee ihe contract price is then adjusted for inflation. 

The necessity for an independent estimation of sector prices 
by the Navy is apparent. Sector pricing equations which 
might be most relevant include shipbuilding, aircraft pro- 
@metion, energy, military EUST. electronics, Etc. 

The feasibility of developing independent equations for 
sectors directly relevant to the Navy could be investigated 
in this thesis. However, if it is subsequently determined 
that independent estimation is not feasible for reasons 
E uas insufficient data, one might want to apply a technique de- 

ρα by Fisher, Klein, and Shinkai at Brookings [2]. Their 
ΠΕ consists of relating sector deflators to the GNP 


deflator. In other words, one first examines the relationship 
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between all sector deflators and the GNP deflator. From 
thıs evaluation, weights are determined that convert sector 
eS to the GNP deflator. For example one might find that 
weou ding prices contribute .05 to the GNP deflator. It 
mould then be possible to estimate the actual price in the 
shipbuilding sector on the expected price in the shipbuild- 
wmo sector determined from the weighted GNP deflator and 
miemadiiterence between the actual and expected values of 


Br zsector price the previous quarter as shown below. 


It 1s readily apparent that more work in the area of 
merece determination is still required. This thesis involved 
EEre-estimation and respecification of a previously de- 
veloped model. Still to be performed is the simulation 
meme the redeveloped model in order to examine its predic- 


ive powers. 
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APPENDIX A: ESTIMATION PROCEDURE 


The estimation procedure employed is that of two-stage 
least squares uSing principal components. First developed 
by Kloeck and Menues [7], it avoids the difficulties of 
meen degrees of multicollinearity and a possible shortage 
meecerprees of freedom often evident in large simultaneous 
equation systems. 


The model is of the form 


Y, - B[X 


t Xaş] + 


TE t 


here X1 ο ο matrix consisting of RHS endogenous vari- 
ables and X, σπιτι of Exogenous variables. Normal 


mee consists of regressing each element of X] One VETY 


^ 


variable of X». Thus obtaining, χι. B is then found by 


performing ordinary least squares on the model 


ο ο COMI ee 


t EE t 


EMEDurpose of 2SLS 15 to eliminate the correlation found 


between Xit and e. using RR 
However for large simultaneous equation systems other 

Problems could exist. Given that there are n-observations 

wne the period under examination and that the number of 


ENcenous variables, K, is large, it could be the case that 


PHOT a further description ο οὓς refer to [5]. 
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K is greater than n thus making the system unidentifiable 
Eat there may be a shortage of degrees of freedom even 
EN is less than n. Also, aS zn the case of large econo- 
metric models there is the possibility of a high degree of 
multycollinearity. 

Kloek and Mennes suggested the use of 2SLS-PC as a 
means of reducing the number of exogenous variables during 
mime first stage of 2SLS by replacing X, with g- principal 
components. The determination of the principle components 
is as follows: 

ου πιο ως correlation matrix, R, of all the ele- 
Ments in X5. 

ο Της characteristic roots of |R-AI| = 0 are then de- 
mmemened, The sum of the characteristic roots, Y; wili be 
egual to K, the number of variables in Χρ. The number of 
Principle components to be used is dependent upon the per- 
cent of the variance that is desired to be explained by the 
use of the components and also computational costs. In 
mes case Cight principle components were used explaining 
Meee percent of the variance. In other words, the sum of 
Er Olarsest eight roots was equal to 94.8 percent of Lj 

De principal components, Pit? are then found using 
EX haracteristic vectors associated with the largest g 
EnSrugcteristic roots, where 

K 
Pit - Key T ik^ke eles ..RE. 
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The first stage estimate of Xii using 2SLS5S-PC is then 
found by regressing all elements of X1 on all oo yielding 
E. The second stage of estimation is the same as 2SLS 
replacing with Lr 

The list of variable definitions notes which ame Rendo 
genous or exogenous. It must also be noted that all lagged 
endogenous variables were treated as exogenous to the sys- 


tem since they must be considered as to have been determined 


Maior to each time period t. 
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Klein-Evans model [6]. 


the data source. 


Variables 


OR 


Dc 
na 


Bc 
ns 


er 


=D) 


APPENDIX B: LIST OF VARIABLES 


EN elle sort nons are those used in the original 


BED: 
DC: 
EL: 

FRB: 

de: 

MBS: 


SUB: 


Following each variable definition 
Mieres pleanation totes ourees follows: 
Business Conditions Digest 

Unpublished data from the Department of Commerce 
Peononseslnedrteasors, CouneilseorsEconomic Advisors 
Federal Reserve Bulletin 

Identity (explained in Appendix D) 

komen o eeu letin of Statistics, United Nations 


Emu c Mon AT ent Business, Department of Commerce 


consumer purchases of automobiles and parts, billions 
of 1958 dollars: SCB 


consumer purchases of durables, billions of 1958 
dollars: SCB 


consumer purchases of durables except automobiles 
and parts, billions of 1958 dollars: SCB 


consumer purchases of nondurables and services, 
ο ποαςς oi 1958 dollars: SCB 


menso capacity utilization, full capacity = 
10020. BCD 


dumm variable tor credit conditions; -1 when 
Regulatrvon W owas in force, 0 otherwise until 
Messern 71955 and later 


dummy variables reflecting new guidelines for 
depreciation; 0 before 1962, 1 from 1962 through 
Ion 1970 and later 


nM DncsudePnonesbillrons of current dollars: DC 
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KW 


*D 


=D 


UW 


*Dv 


SE 


er 


AE 


residential construction depreciation, billions 
ο. C UurScembewdgollars: DC 


dummy variable for Korean War; +1 in 1950.3 to 
1951.1, 0 otherwise 


τεμ» πεπτεςταείοη., billions of current 
dollars: DC 


ορ απ τις nonfarm, and nonresidential 
cO πας τος depreciation, billions of current 
dollars: DC 


dummy variable for supply shortages for automobiles; 
O and 943.2, +2 an 1948.3 and 1948.4, 
+1 in 1949.1 and 1952.3, 0 otherwise 


dmy evar able reflecting the change in federal 
Mma rect tax rates in 1965:53 


dummy variable for unfilled orders during the 
A η 1950.53 and 1951.2, -1 in 1953.3 
ande οσο. 0 otherwise 


corporate dividend payments, billions of current 
dollars: "SCB 


exports of goods and services, billions of 1958 
do Pilars: SCB 


unincorporated business income of farmers, billions 
ο εντος dollars: SCB 


τ’ υΕ ουοα5 and services, billions of 1958 
aolmkars SCB 


government purchases of goods and services, bil- 
lions of 1958 dollars: -SCB 


national defense expenditures, billions of 1958 
dollars: SCB 


τ, ους product, Dillions of current dol- 
τους. 95608. 


discount rate at the Federal Reserve Bank of New 
MO Rent: ΓΕΒ 


οι στα ο ποπ by government, billions of cur- 
em dollars: 568 


uc meraseonstruction expenditures, billions 
oreo dollars: SCB 
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total inventory investment, billions of 1958 
dollars: SCB 


CN Ento y investment, Dillions of 1953 
dollars: SCB 


manufacturing inventory investment, billions of 
1958 dollars: SCB 


nonmanufacturing, nonfarm inventory Investment, 
billions of constant dollars: I 


average yield on corporate bonds (Moody's), per- 
cent: FRB 


total fixed business investment, billions of 1958 
dollars: SCB 


farm fixed business investment, billions of 1958 
dollars: EI 


manufacturing fixed business investment, billions 
ota l9oS8 dollars: -SCB 


nonmanufacturing, nonfarm fixed business invest- 
ment, billions of 1958 dollars: I 


interest rate of prime commercial paper, 4 to 6 
που ης percent: FRB 


inventory valuation adjustment, billions of cur- 
ποσα ο τους 68 


camita lE taa billions of 1958 dollars: I 


Oele tocksorsautomobiles, bıllıons of 1958 
dollars: I 


capitale stock of farm investment, billions of 1958 
dollars: DC 


capital stock of residential construction, billions 
of 1958 dollars: I 


O manufacturımce inventories, billions of 
oS dollars: SCB 


Sect iMonmoluracturineg, nonfarm inventories, 
Ῥαμωποως Ol7%0538 dollars: SCB 


C Eo oPmanmutacturing investment, billions 
UMSS Ss dollars: I 
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SPI 


“Pr 


eo cock tot monmanutacturing, nonfamm, non- 
ο στο construction, billions of 1958 dol- 
lars: I 


corporate cash flow of manufacturing sector, 
Coons or 1958 dollars: SCB 


number of employees in private sector, millions: 
number of agricultural employees, millions, SCB 
number of government employees, millions: SCB 
national income, billions of current dollars: SCB 


national income originating in the manufacturing 
Soo Ios Of Current dollars: _ SCB 


labor force, millions: SCB 
number of self-employed workers, millions: DC 
aert derlator for ΟΝΕ, 1958 - 1700: 568 


implicit deflator for automobiles and parts, 1958 
= 1.00: DC 


implicit deflator for consumer purchases, 1958 = 
ο 5 


Connor atemproetsts after taxes, billions of current 
dollars: SCB 


corporate profits before taxes and after inventory 
valuation adjustment, billions of current dollars: 
SCB 


Mo def iacor for exports, 1958 = 1.00: SCB 


τατον farmers, 1958 = 1.00: SCB 


pide lato of government purchases, 1958 = 
130027 SCB 


πι τι στ τος οἳ residential construction, 
1958 = 1.00: SCB 


picada tor of imports, 1958 = 1.00: SCB 
personal income, billions of current dollars: SCB 


BECOME torcotNIEMXcd business investment, 
ο ο τα ο SCB 
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RR 


5 


SD 


SocSec 


STR 


SI 


EST 


ET 


*Tr 


^U 


Bu der laor oi purchases of durables except 
αἳ ορ σος and parts, 1958 = 1.00: SCB 


Mpe ae der lator or Consumer purchases of non- 
durables and services, 1958 = 1.00: SCB 


ΟΙ rene 1958 — 1,00: SCB 

income of unincorporated business enterprises ex- 
cept farms, rental payments, and net interest pay- 
nenes Door current dollars:  SCB 
wholesale price index, 1958 = 1.00: SCB 

index of world trade prices, 1958 = 1.00: MBS 


corporate retained earnings, billions of current 
dollars: SCB 


nomme cuuMMUCESOPPpordte retained earnings, bil- 
ΠΠ ἘΝ, ΕΠΕ dollars: SCB 


Sratıo ofsexeess to required reserves, percent: FRB 


total sales in the private sector, billions of 1958 
dollars: ος 


statistical discrepancy minus subsidies plus net 
surplus of government enterprises, billions of 
current dollars: SCB 


total contributions for social insurance, billions 
Of cürrent dollars: SCB 


dummy variable for steel strikes; 1 in 1959, 1962, 
GG 21965231968 


τιπε,τ επα, 194871. = 1 


indirect business taxes and transfers, billions 
Of cürirent dollars: —- SCB 


', τ income taxes, bıllions of current dol- 
lapse ΟΡ 


Person alsameonestaxees  billsons of current dol- 
Wars: ISCB 


emeen pa ments το individuals, billions of 
ΠΤΙ dollars: SCB 


Del dsonders Dili ons of 1958 dollars: SCB 
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*Un 
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EX 


EX 
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EZ 


ΙΟ; unemployment, percent: SCB 
Hi reo ΟΕ νου ος current dollars: SCB 


government wage bill, billions of current dollars: 
SCB 


gross national product, billions of 1958 dollars: 
SCB 


gross private product originating except farm, 
ντι νο ος F958 dollars: SCB 


index of world trade, 1958 = 100.0: MBS 


personal disposable income, billions of 1958 dol- 
lars: "SCB 


πο ο το in the private sector, billions of 
Poser dollars: SCB 


*denotes jointly dependent (endogenous) variables 
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APPENDIX C: VARIABLE VALUES 


Giee values for all variables are listed from 1960.1 to 


m7 5.4. 


σά 





C - Consumer Purchases of Autos & Parts, Billions of $ 1958 


0.1 205 "ΤΙ 28.9 
1960.2 20.4 1967.2 η 
1960.3 20. T 1967.5 20927 
1960.4 "ο. 1967.4 30.6 
W61. 1 S ' ους. 34.2 
1961.2 EG 190632 35.4 
esol. 3 πο ο 190823 Se 
1961.4 To 1968.4 Sy acl 
1262.1 Due Il 586 
802.2 21.4 PSU 30.20 
862.5 Dr MS 39i 
1962.4 ZO 1969.4 38.4 
55.1 23.0 SO IN 
2.2 ΕΘ ο 0.” 36.6 
1963.3 24.3 1970.5 500 
1963.4 24.8 1970.4 2050 
1964.1 DE IEEE 42.0 
2964.2 25.8 IS TUN Me A 42.4 
1964.3 Zo 1971:53 44.4 
1964.4 24.6 1971.4 42.5 
265.1 50.7 1972 71 43.3 
05.2 Doro 1972.2 44.8 
1965.3 οὐ. po 48.9 
1965.4 ο” 1972.4 SIUS 
1966.1 32.0 1973.1 55.5 
1966.2 5 1975.2 53.0 
1966.3 SUS SS: 92:3 
1966.4 3170 1973.4 45.5 
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Ca - Consumer Purchases of Durables, Billions of $ 1958 


1960.1 45.4 ΠΕ η ο. 5 
1960.2 45.6 1907.2 74.0 
οὐ, ὅ 45.0 πο. ὁ πο ο 
1960.4 43.5 1967.4 74.0 
1961.1 41.7 1968.1 J 
SIS 2 43.2 1968.2 80.0 
μυ]. 5 44.5 1909: 5 83.4 
1961.4 46.3 1968.4 O 
1962.1 48.1 1969.1 ο 9 
E62, 2 48.1 1909722 86.0 
1902.5 49.7 190925 85.0 
1962.4 LES 1999.4 85.4 
1963.1 ΘΖ 1970.1 84.5 
903.2 s orm, 12072 SOS 
1703.35 54.4 197,07. 3 85.6 
1965.4 SIDE: ὁ 1970.4 T5 ο 
1964.1 42 EE. T DIE) 
1964.2 SIUS 27222 JUEZ 
1964.3 60.4 TOES. 3 DEM 
1964.4 Oy) 1971.4 J56 
1965.1 65.0 IS ze ITZ 
BIG . 2 64.3 IZ OS 
ο. 5 Or rel 1972.3 105,8 
1965.4 09328 1972.4 1092 
1966.1 τα TOI 117.0 
166,2 69.6 ο... 1102 
1966.3 ML eS 1975.53 11 
1966.4 BD 195.4 2087 





C - Consumer Purchases of Durables Except Autos & Parts 


ne Billions of $ 1958 
1960.1 A 1967.1 41.4 
1960.2 5.2 1967.2 42.1 
1960.3 24.9 1967.3 42.1 
1960.4 24.6 1967.4 43.4 
1961.1 24.4 1968.1 43.9 
1961.2 254 1968.2 44.6 
1961.3 2C 1968.3 AES 
1961.4 26.6 1968.4 45.6 
1962.1 20 1969.1 47.3 
1962.2 26.7 1969.2 48.0 
1962.3 27.6 1969.3 46.9 
1962.4 28.0 1969.4 47.0 
1963.1 28.6 1970.1 49.0 
1963.2 2ο] 1970.2 49.2 
1963.3 30.1 REIS 49.6 
1963.4 30.5 1970.4 49.7 
1964.1 S | ποσα 1 47.3 
1964.2 5 1971.2 47. ἃ 
1964. 3 een 1971.3 ο 
1964.4 ο 4 1971.4 eus 
1965.1 24.8 Ἴσο 1 55.9 
1965.2 ST 1972.2 Al 
1965.3 36.4 τν 5 56.9 
1965.4 38,9 1972.4 58.7 
1966.1 40.3 1973.1 63.1 
1966.2 40.1 Rene 2 65» 
1966. 3 41.4 1973. 3 62.9 
1966.4 ως 1973.4 63.2 





C - Consumer Purchases of Nondurables & Services Billions 


aS of $ 1958 
1960.1 208.4 1967.1 554.1 
1960.2 272,0 1907.2 50,3 
1960.3 ἡ 1967.3 358.3 
1960.4 8 1967.4 360.2 
1961.1 274,5 1968.1 366.8 
1961.2 η. | 1968.2 308.4 
551. 3 279.3 1968.3 STAA 
1961.4 295.1 1968.4 376.9 
1962.1 2595.2 1969.1 379.6 
962,2 281.7 1969.2 383.3 
1962.3 290.5 1969.3 384.5 
1962.4 293.8 1969.4 SSO. 7 
1963.1 296.3 1970.1 389.8 
1963.2 297.9 1970.2 391.6 
1963.3 UI / 70. 3 395.3 
1963.4 30274 1970.4 398.2 
1964.1 308.4 1971.1 400.1 
1964.2 ET 1971.2 403.5 
1964.3 Sq] 1971.5 404.4 
1964.4 520026 1971.4 408.3 
1965.1 524,1 1972.1 "1; 
1965.2 57 on 972,2 AZIS 
1965.3 353,2 1972.3 425.1 
1965.4 339.4 M Eu 45.1082 
1966.1 KT 8 12975321 435.8 
1966.2 345.4 I9 ES. 7 qo. 1 
1966.3 348.9 973,3 142} 
1966.4 348.5 πο 4 quo 0 
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Dr - Manufacturing Depreciation (Current $) 


1960.1 11.554 σος υ 1829.06 
00. 2 11-281 1367.2 Ου 
T960. 3 211501 EOD. 3 ο πο 
1960.4 1409359 1967.4 202907 
ROOT. 1 ΓΕΖ 1505} ZU 56 
01.2 or 1968.2 21.341 
ο). 5 12.021 1968.5 21.564 
1961.4 1259857 1968.4 IAS OY 
02.1 E557 ο 1 22205105 
962.2 13.834 1909.2 23. 15? 
102,3 15:924 πο ο 25.600 
1962.4 14.085 1969.4 2323306 
1902. 1 14.176 ' ΘΕ 24.376 
OZ 14.632 oO? 24.71? 
196353.3 14.624 197025 25.20.16 
1963.4 14.956 1970.4 νη. 507 
1964.1 15.345 DUM ἳ OmU ST 
1904.2 Mo ES po 2 VIDES 
1964.3 "ο ο] 1971.35 LOS 
1964.4 TEE 1372124 27.064 
965.1 16.072 197 2:1 LL] 
IE». 2 16.464 TOM e 281 
MU. 5 ο ο” 1972.3 2021059 
1965.4 17.2072 1972.4 DON STE 
19660. 1 172052 IOS T 30.477 
SIDO. ὁ 17.906 1975.2 31.006 
EO. 5 13.023 100,5 51.601 
1966.4 12021593 1973.4 392032 
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DE Non-manutacturing, Nonfarm, and Nonresidential Construction 
Depreciation (Current $) 


1900.1 "555 1907.1 50 
1960.2 02 1907. 2 72.2502 
1960.3 SEMIS 1967. 3 37.019 
1960.4 ο 2 1967.4 559 
ΠΟ. 1 54.750 Se 202.097 
1961,2 54.860 190983.2 101.964 
οἱ. 3 5024119 LIO. VOTS SOI 
1961.4 8.508 1968.4 103.008 
162.1 090519 1909, 1 108.545 
νο 05.817 12909. 2 96.456 
102. 5 002252 PIS eZ 67/3 
1962.4 60.881 1969.4 116.476 
Moos. 1 48.548 ΙΙ Tio. 307 
T903. 2 Gor 113 1052005272 116.747 
S. 3 120 109.0, 5 118.544 
1963.4 72.084 1970.4 127.344 
1964.1 70.442 Oe alee ISA 
1964.2 71.478 ΠΡ, ὁ 12342558 
1964.3 74.460 ΙΙ ο σος 
1964.4 LoT AS 1971.4 142.411 
iO. 1 1] 1972.1 1507908 
NES. 2 78.540 JE 144.116 
BIOS. 5 sme 9 1972.53 150.249 
1965.4 87.156 1972.4 149.452 
1906. 1 917178 το 5 Ἱ 152.778 
ποσο, 2 102977 MZ 197.135 
100.5 100.006 ο 5.5 ISS DH 
1966.4 i Hir 7 


99.594 πο. 
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FF - Unincorporated Income of Farmers Billions of Current $ 
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